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Cellular Coal Products and Processes 


This application is a continuation-in-part of U.S. Patent Ap^ 
Nos. 09/453,729 filed December 2, 1999 and copending herewith. 

Field of the Invention 

The present invention reia.es to cennlar eoal prodnCs prodnced from eoa. 
1 p „ w dera n d,o«heir m etbod S of P rodne,,on.Prodne te n,i.izingtbeeoa,.ba S ed 

% porous products are also described. 


Background of the Invention 

I ASTM standards DD5515-97, "Standard Test Metnod for .be Determination 

ofSweningProperties.fBi.min.nsCoarandDT^l-StandardTestMetbod 
forFreeSweUinglndexofCoarbotbdefineconditionsformeasnringtbeinberen. 
pr „pe^ofcoa.sto» S we 1 r«ponbea«nginan«ncontr„Uedcombnstionsi,ua«on. 

Hence, tbe propensity ofeoaitos^eH is weUUnown in tbe prior art. Totbe best of 
„„ rk no Wl edge,bo W ever,noonebasa«em P ,ed,o,aKe advantage of .bis property of 

coalsW s W enbyeo..oUab^s W eU i ng»aeoa l p ro dnc, to .bU,nabigb,y« S e t n,.o W 
density, porous carbon product. 
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Similarly, very sophisticated processes have been developed for the 
production of cellular foamed carhon products. Such processes often involve the 
nse of blowing agents and the app.ication ofvery high pressures in the fabrication 
process, and many nse highiy sophisticated starting materials. These materials, 
while very lightweight and demonstrating superior strength, tend to be relatively 
costly, either dne to the nature of their starting materials and/or the complexity of 
their fabrication processes. 

S There exists a wide and varied class of requirements for low-density 

I m ateria.s in the construction, aerospace, transportation, metal processing and other 

g industries for which low-density materials are constantly being developed. Many of 

these materials exhibit properties such as fire resistance that make them uniquely 

S s „tted to their end use application. In many applications, however, the 

S aforementioned relatively high cos, low-density materials cannot be used because 

S the final application will simply not justify their relatively high cost. 

Accordingly, it would be most desirable if a relatively low cost, low-density 
.nnteria. demonstrating many of the desirable characteristics of the aforementioned 
products, such as tire resistance, were available. 

Objects of the Invention 
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.Ustbereforeaoobjec.f.hepreseoti-veo.iootoprovideare.ative.y.ow 
co st,,ow density product that is suited to app.ica.ion In the construction, aerospace, 
^p.ru.tion.me.d processing an- «~ industries where sue, properties are 
desired. 

His another object of the present invention to provide a simp.e and iow cost 
method for the production of such products. 


Summary of the Invention 


Accordingtothepresentinvention there are provided coai-oased ceindar or 
porousproduc.s.a.so referred to herein as "carbon foams", having a density of 
P referab.y between about 0.1 gW and about 0.8 gW and most preferahiy 
between abou,0.3a„dabou«0. 4 g,cm3,ua, are produced by the contro.ied heating 
ofc „a. P ar«icu,a,epreferab.y up to ./.inch in diameter in a "moid" and under a 
non-osidfcing atmosphere. According to a specified preferred embodiment, the 
s^nngmateriaicoaihasafreeswei. index as determined by aforementioned 
ASTM D720 test of between about 3.5 and about 5.0. According to further 
referred embodiments of the present invention, thestarting materia, exhibits 
oa eorm„reaudpreferab 1 ya...fthefo 1 ,owi.gse,.fprope^ :1 )av„,a,i,matter 

A.eonten,(dry,ash-freeba S is)ofbetweenabou,35andabout r asdefmedby 

ASTMD3 1 75,«TestMeth„dforVo.ati.eMa«erin.heAna.ysi S ofC„a.andC»he"; 
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2) a fixed carbon (dry basis) between about 50 and abont 60% as defined by ASTM 
D3172, -Practice for Proximate Anaiysis of Coai and Coke"; 3) a Giese.er initial 
softening temperature of between abont 380' C and abont 400' C as determined by 
ASTM D2639, Test Method for Plastie Properties of Coal by the Constant-Torqoe 
Gieseler Plastometer"; 4) a plastic temperature range above about 50° C as 
determined by ASTM D2639; 5) a maximum fluidity of at least 300 ddpm (dial 
divisions per minute) and preferably greater than about 2000 ddpm as determined 
by ASTM D2639; 6) expansion greater than about 20% and preferably greater than 
B about 100% as determined by Amu Dilatation; 7) vitrinite reflectance in the range 
1 of from about 0.80 to about 0.95 as determined by ASTM D2798, "Test Method for 
1 MicroscopicalDetermination of the Reflectance of Vitrinite in Polished Specimens 
f of Coal"; 8) less than about 30 % inert maceral material such as semifusinite, 
5 micrinit, fusinite, and mineral matter as determined by ASTM D2798; and 9) no 
% significant oxidation of the coal (0.0 vol% moderate or severe oxidation) as 
8 determined by ASTM D 2798 and non-maceral analysis. (The desirability of each of 
these individual properties and their order of preference will be further elaborated 
below.) The porous product or carbon foams thus produced, preferably as a net 
shape or near net shape, can be machined, adhered and otherwise fabricated to 
produce a wide variety of low cost, low density products, or used in its preformed 
shape as a filter, heat or electrical insulator etc. Such cellular products, without 
further treatment and/.r the addition of strengthening additives have been shown to 
exhibit compressive strengths of «P to about 4000 psi. at densities of between about 
<L 0.3 and abont 0.4 g/em' or 19 toll lb/ft 3 . Other interesting properties of such 
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S o tb e W ee»a b ou,0.3ao d 0.4 ft - 

— ' °- 5 Sq " are inCh Cr ° SS " SeCti0n 
sam p,e. lunation with appropriate urateriais or the incorporation of various 

^ p.pertiesoHneseeeUo.ar—. — 
gr apai to .io B y i e lnS ce II u.ar P roduc tet ha t caobeu S e,ia 5 e 1 ec t rica 1 orbea« 

conductors. 


Description of the Drawings 

Kg » r elis»graph of showing the genera, re.ationship hetween gas evoiution 
a udtit»e,te„,perature a, various operating pressures aoo .emperatures for «oe 
process of the present invention. 

^.e^isaeross-seetionaiviewofa-moireontaiuingpowderedeoaiprior 
,„ expansion in accordance with the process of the present invention. 

Fig „ r e3i S acros,sec tt ona 1 vie W of.he«mo 1 d»ofFigure2s„hse q ueu,«o 
expansion of the powdered eoaiiu accordance with «,e process of the present 
invention. 
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Figure 4 is a cross-sectional diagram of aa extruder suitable for the 
production of coal-based porous products in accordance with the present invention. 

Detailed Description 

According to the present invention, a preformed, low density, i.e., from about 
0.1 to about 0.8 g/cm\ preferably from about 0.2 to about 0.6g/cm 3 and most 
preferably from about 0.3 to about 0.4 gW, cellular product, carbon foam, is 
prodnced from powdered coal particulate preferably less than about M inch in 
diameter by the controlled heating of the powdered coal in a "mold" under a non- 
oxidizing atmosphere. The starting material coal may inc.nde bitumen, anthracite, 
or even lignite, or blends of these coals that exhibit a "free swell index" as 
determined by ASTM D720 of between about 3.5 and about 5.0, bnt are preferably 
bituminous, agglomerating coals that have been comminuted to an appropriate 
particle size, preferably to a fine powder below about -^0 to -80 mesh. 
Additionally, according to further highly preferred embodiments of the present 
iuventiou the coal starting materials of the present invention possess all or at least 
some of the following characteristics: 1) a volatile matter content (dry, ash-free 
0t basis) of between about 35 and about|% as defined by ASTM D3175, "Test 
Method for Volatile Matter in the Analysis of Coal and Coke"; 2) a fixed carbon 
(dry basis) between about 50 and about 60% as defined by ASTM D3172, "Practice 
for Proximate Analysis of Coal and Coke"; 3) a Gieseler initial softening 
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temperature of between about 380° C and about 400° C as determined by ASTM 
BMtMetbod for P.astic Properties of Coa. by the Constant W Gles^ 
P Ias ,.met. r »;4)ap l a S tie,empe r .«ure rmg eab.v,about 5 0«C. S de ter minedby 

ASTM D2639; 5) a maximum fluidity of at least 300 ddpm (dial divisions per 
minute) and preferably greater than about 2000 ddpm as determined by ASTM 
D26 39; 6) expansion greater than about 20% and preferah.y greater than about 
100% as determinedbyArnuDilatation; 7, vitriuite reflectance in the rangeoffrom 
about 0.80 to about 0.95 as determined by ASTM D2798, "Test Method for 

of Car'; 8) less than about 30 % inert macera. materia, snch as semifusinite, 
^fusinitcandminera. matter as determined by ASTM D 2798 ; and 9) no 

significant oxidation of the coal (0.0 vo.% moderate or severe oxidation, as 
de terminedbyASTMD2798and.on.macera,ana,ys,The,„ W softeningpoi„« 

(380-400° C) is important so that the materia, softens and is plastic before 
vo ,„iou and cohing occur. The iarge plastic worhingrange or "plastic range" 

isimp „rtau,in that it allows the coal to flow plastically while losing mass due to 
vocation and cohing. Vitrinite reflectance, fixed carbon content and volatile 
„ntentare important in classifying these coa, starting materia, as "high- 
v .,ati.e» bituminous coals tha, provide optimum results in the process of the present 
mention and thus, carbon foam materials that exhibit an optimum combination of 
parties when prepared in accordance with the process described and claimed 
„erei. Thepresence of oxidation tends to binder fiuidity and consequently, foam 


formation. 
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resultsiBth e f o™o { op ttaHm ea rb o nf oa mtagiB aee„ r a an ee Wiftft ep ro ee S5 o f 

^«-^«---*----^ ,,,,i,,,,,, "' ,r — 
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based products of the present invention typically exhibit pore sizes on the order of 
,ess than 300p, ...hongh pore sizes of nptoSOOp are possible within the operating 
p „a m et.,.fthe P r.ces S d.cribed.Th.,he™,a.co»dnc tt vi«e,.f.hece«».arcoa.. 

coal .based P rodnc. S of thepresen, invention denronstrate compressive strengths on 
the order of from abon,2000 to abont 6000 ps i a, densities of from abon, 0.4 to 
abont 0.5 gW It is critic., to th.snccessfn.pr.ct.ee of the present invention that 
t becoa,s,r,ingma,eri..e 11 hibit,heprevions.yspecifiedfree S we..inde,ofbetween 
a bo..3. 5 .nd.b„n, 5 .0.ndprcfer.b.ybe^een.bon,3.7 5 andabon, 4 .S.Se,ctio. 
„ fs t.rting materials within these parameters was determined by eval.ating a large 
Bum ber of coa, characterized as ranging fromhighto low vo.ati.es. In general, it 
h as been fonnd that bitnminons c„a.s exhibiting free swell indexes within the 
previons.yspecif.ed ranges provided thebes. foam prodncts in theformofthe 
l0W est Ccined fo.m densities .nd the highest Coined foam specific strengths 
(compressive strength/density). Snch bitnminons co..s that a.so possess the 
f „regoingset of properties, high vo.atiie content (35% «o45% by weigh,), .arge 
p,a S ,icr.nge(.t .east abont 50" C), etc. and are thns ch.racterized as high vo.atHe 
bitnminons coniform the preferred starting materiais of theprocess of the present 

mention. Coa, having free swen indices be.ow the specified preferred ranges may 
B „tagg.omerateproper.y.eavi„gapowdermassorsinter ) b.tno,swe..orfo.m, 

while coals exhibiting free sweil indices above these preferred ranges m.y heave 
»p„n foaming and collapsed npon themse.ves leaving a dense compact 
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s 


Th ep^c tt . nm e ft .do fU ,.p r ese., to ven«i.oco m p riS e S : 1 ) h ea« ng »^ 

i ^* h .«--'■---*-- , *" ,t ' 1,,l, '• ,<,,, 
fromab oa« lto a b .-t20'C to ate m para« Ore . f ^eena 1 ,.ut3««. B -a b »«« 

10 „. c T hen„n-„«id H o g a, m „sph ere m a y b e providea by t„e in.— oHnert 
orB „ n -„« g a si nto« b e" m o W »a t ap r e S su r eo t f r o n ,a b o«,Opsi,i.e.,^ 

used inert or non-oxidizing gases such as nitrogen, helium, argon, COi, etc. 

Itisg eneraHy not desirahle that the reaction chamher he vented or ieah 
d „ring,heheatin g and S o ak ingopera a on.Thepressnreo f ,hecha mb erand,he 
.uereasi.gv.iatBeeonte.tthereint.ndstoretardrnrth.rvoiata.ation^ethe 

veuteoor.eaKsdnringsoahin.aninsnrr.eientan.onntofvoiati.en.aUern.ayhe 
p^ntt.perndtinter-p^esi.teringoftheeoa.p^c.esU.nsresn.tinginth. 

format ion ofasinteredpowder as opposed to the desired ceiiuiar product Thus, 
a ccordin g ,„apre f errede I n b odin,en,o f thepresen,proce S s,ve.tin g or,aKa g eo f 

of an acceptable cellular product. 
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Additional more conventional blowing agents may be added to the 
particulate prior to expansion to enhance or otherwise modify the pore-forming 
operation. 

The term "mold", as used herein is meant to define a meehanism for 
providing controlled dimensional forming of the expanding eoal. Thus, any 
chamber into which the eoal partienlate is deposited prior to or daring heating and 

0 which, npon the eoal powder attaining the appropriate expansion temperatnre, 

1 contains and shapes the expanding porons coal to some predetermined 

1 configuration such as: a flat sheet; a curved sheet; a shaped object; a building 
f block; a rod; tube or any other desired solid shape can be considered a "mold" for 
P purposes of the instant invention. 

W As will be apparent to the skilled artisan familiar with pressurized gas 

release reactions, as the pressure in the reaction vessel, in this case the mold 
increases, from 0 psi to 500 psi, as imposed by the non-oxidiring gas, the reaction 
time will increase and the density of the produced porous coal will iucrease as the 
size of the "bubbles" or pores produced in the expanded coal decrease, Similarly, a 
,ow soak temperature at, for example about 400'C will result in a larger pore or 
bubble size and consequently a less dense expanded coal than would be achieved 
with a soak temperature of about 600°C. farther, the heat-up rate will also affect 
pore size, a faster heat-up rate resulting in a smaller pore size and consequently a 
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de „ser expanded coa, product .ban a slow hea.-up ra.e. These phenomenon are, of 
e„nr S e,dne to .heretics of ,he vo,a«.e re.ease reactions which are affected, as jus, 
described, by the ambientpressure and temperature and the rate at which that 
.emperature is achieved. These process variah.es can he nsed to custom produce the 
expanded coa.s of the present invention in a wide variety of con«r„..ed densities, 
strengths etc. These resn.ts are graphical represented in theFignre where theX 
axis., gas re.ease,,heVaxis is time and the individna. carves represent different 

pressures of inert gas Pi, Pi, and P3, different heat-up rates HRi. HR2, and HR3 , 
and P,<P 2 <P3 and HR,<HR 2 <HR 3 . 

Cooiing of the preform or product after soahiug is not par.icu.ariy critica. 
exceptasi.mayres„..incrac ki .go,.hepreformorprodnc.astheresn.t.,.he 
aeve.opmen.ofundesirah.e.herma.s.resses.Coo.ingra.s.css.hanfO'Cmin.oa 

, eI „perature of about 100° C are typicaHy used to prevent cracking due to therma. 
s „„cU. Somewhat hig her, bu, carefuUy controHed, cooUng rates may however, he 
US ed to „b«aina«sea,eds k in>' on the open ce.. structure of theproduc, as described 
below. The rate of cooliag below 100° C is in no way critical. 

After expanding the high vo.ati.e bituminous coa. part.cu.ate as just 
described, the porous or foamed coa. product is an open ce..ed materia,. Sever,. 

.echniqnes have been developed for "sealing" .he surface of .he open cel.ed 
s .r„c.ure.oimprove te adhcsivecapahi.itiesfor,nr.her fabrication andassemb.y 
ofannmherofparis. For examp.e, a .ayer of a commercial available graphitic 
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cracking of the preform or product. 

ot^UereadUy falcated « si » g co n ve n ,iooa 1 fabrication ,ech„ iq ue, 
«------~■-'»•-- fc •' ,,,H - <,, * , " ,, 
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composition can be incorporated into the porous coal-based preform or product to 
enhance its mechanical properties. 

Tne open ceUed, c.a.-based preform, or products, i.e. carbon foams, of the 
present invention can additional be impregnated with, for exampie, petro.eum 
pitch, epoxy resins or other po.ymers using a vacuum assisted resin transfer type of 
process. The incorporation of sueh additives provides .oad transfer advantages 
similar to those demonstrated in carbon composite materials. In effect a 3-D 
composite is produced tha, demonstrates enhanced impact resistance and load 
transfer properties. 


" The cooling step in the expansion process results in some relative!, minima. 

2 s „riuKagcon,heorder„f.ess,hanabout5%andgeneraUyiufl 1 erangeoffrom 
V ab o„t2%«oahout3%. ThisshrinUagemustbeaccounUdforiutheproductiouof 
near ne, shape preforms or final products of specific dimensions and is readily 
aeterminable through tria. and error with the particular eoal starting materia, 
being used. The shrinkage may be further minimized by the addition of some inert 

expansion process etc. as is common practice in ceramic fabrication. 

Carbonization, sometimes referred to as calcining, is convention^ 
performed by heating the preform or product under an appropriate inert gas a. a 
h eat-up rate of less than about 5-Cper minute ,„ .temperature of between about 
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sulfur, oxygen, hydrogen, etc. 

Graph.—, commons in vo.ves heating . he preform or prod»c, eUber 
— — irC — 

aboutl7 00-Ca„oa b o„,3000»C ta a„ a , m o S p h ereo fl .eH„n 1 orar g ooa„o S „a ktag 
forap er i o i one SSth ana b „u«o n e Il o 0 , Ag a ta)tt e i oe rtg a Sm a yb e S uppHe d a t a 

pressure ranging from about 0 psi »P «o a few atmospheres. 

Th epor„u S e.a.-b»sed preforms or prodncts resniting from pressing in 
.eordanee.iththeforegoingpr.eednreseanhensedinahroadvarie.yofproauct 

a pp«ea«.nMome,but no. A of vvhich v,,, novv be broad.y described. 

Perhaps thesimp.e,prodne,s,hateo„.dbefabr,eated»sing,heeoa.-hased 
p 0ro n S pr«f.rms.rprodne b .f ft epre S en.mven«.narev,Hon SU ght W e i ght 5 heet 

products nsefn, in the eonstruetion industry. Sneh products may invoive the 
lamta a«onofvario„sfaemgma,eria,,„,hesnrfaeeofap.a.arsheetofthe 

pre,.rmma,eria.nsingan appropriate adhesive. F .r examp.e, a very Hgh. and 
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relatively inexpensive wall board would simply have paper laminated to its opposing 
planar surfaces, while a more sophisticated curtain wall product might have 
aluminum sheet, polymer or fiber-reinforced polymer sheets or even stainless steel 
sheet laminated thereto. A wide variety of such products that have lightweight, low 
cost and adequate strength can easily be envisioned for wallboard, structural 
wallboard, bulkheads, etc. The materials of the present invention exhibit sound 
insulation and vibration resistance due to excellent sound and vibration damping 
M properties, good thermal insulating properties (less than about 1 watt per meter K 

□ thermal conductivity). 

J: '■ 

m 

W Laminates of these materials may even be used to produce heating element 

m 

" p incorporating members, since a graphitized core could serve as an electrical heating 
t element when connected to an appropriate source of electrical energy. 

+= 

Similar surface laminated porous preform core based products could also 
find use in the transportation industry where lighter and, especially fire retardant 
walls, bulkheads, containers, etc. are in constant demand. Such products would of 
course require that the expanded coal-based porous core be carbonized as described 
hereinabove prior to application of the exterior skins, if fire resistance or 
retardancy is desired. 

Yet another product application for the porous coal products or carbon 
foams of the present invention is as a replacement for the ceramic foam filters 
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prodBM ,po r .»sc. ri -b aS edp r e f .™o f *e^de S cH»,ea 1 ,e r « toh av tag an 

ustagfll e. b .ve d e»H b ea f a« n p r oe« SS)toS e,e.a m o. tenm e, a ,r^. f 
U.^pe.Thecost.fs.C.morer.^^^^fa.er^.dbe 
considerably less than that of a comparable ceramic foam filter. 

«~^«^**^ te-,,,,,,,, *' ,,, " ,t 
„ quM) no WiBg , n ro„ ghP oroascoa,pore, la t.iscase.l.ecoa.W porous 


skin. 


Asalr eodyal.uded to, thecoai-based porous preforms and products of.be 
present invention can be produced in aoy solid geometric shape. Such production is 
p os S ib,eusin g an y uum b er„fmodi«edeonve„ti„na,proees S in g ,echni q uess»eha S 

elusion, inaction mo,din g ,e,c.lneach of such instant the process must, of 
nBttri . 1 c.a,. F .re I .mp,e, to e^dm gS uehpr.duc^ d e S cribedbe,o W) thee„a l 
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eluded and from which* is extruded «"« " 

e X , ru sio n die,«be m a,e ri aH S eoo ) edto Pr ovidea 5 oHd SB apeo f t h ede Sire d, n d 

pr eca,cu.ateddime„si„ns. To im prove th e effleieae, ,e., e y e,e «™e o, *e proee. 
th einp»,materia.can be preheated to a temperature be.ow the expansion point, 
eg mahout 300" C, fed into the auger chamber where additioua. hea, is 
^edtothepowderwithfluaiheatiugheiugaehievediustheforeextrusi. 

through the die. 

Shui.arre.at.ve* minor process modifications can be euvisiouedto fabricate 
th eearho. foams of the present invention in iniecaon molding, casting and other 
similar eonveutional material fabrieation processes. 

Th efo..owi.gexam P .eswi..serve,o illustrate thepractice of the invention. 
Examples 


Example 1 

As shown in Figure 2, a layer 10 of comminuted bituminous coal having a 

about2 ineh deep is deposited in mo.dne,uippedwithac„ver 1 6.Mo,dn. S 
assem h.edfromthreeiudivid»a,pieees carbon or ,00. S tee, pieces, sides 12A and 
UBandbottomUCanioined together bvbo.ts and, ined with a ceramic g.a*e 
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or spray app.ied ceramic — 

U^Sandts attached to — - 12B with boltslTin the fmalassembly 
prior ..heating. Gas k etsl9 are preferab.y used to insure a tight fi. o, cover 16 on.o 
sid e S nAa„dl2B.Cover 1 6i S op«iooa.. y e< 1 a i ppedwitha S in«ere ( .veo t p.u g 20,o 

perm,, purging of .he inferior of moid 12 with non-oxidizing gas. This 
c „nflgnra,io»,ineorpora,i.gva.ve 20 a,o permit pressnri^afion, if desired ,o 

eon.ro. expansion speed and/ or pore size in the finaiprodne, as described 
bereinabove. Nitrogen gas is repeatedly introduced .hroughvaive 20 ...ssnrefha. 
a,, oxygen in moid 12 is purged (generally 2-4 such pnrges have been found 
sattsfaco^andtoprovideaoneatntospherepressureofuitrogeninsideofntold 

12 .Mo 1 dl2is,henheateda.arateoffrontaboutltoabou,10»C/ m in«p«oa 
tem pera.ureofabou.be W eenab„n.4 5 0a„d600»Candhe.da..his.en,pera rt re 
suf rKien..odevo.a.a.izeand S in.er,heceUu,arpr„d„c.(general.y.es Sfl .anab„«. 
one hour,. This ,rea.men, resubs in .he prodnCion of an open ee«ed expanded eoa. 
prodndOA as shown injure 3. M„.dl2is .hen cooled .„ room .empcra.ure a. a 
ra .e of .ess .han abon. 10'C/mh, .. a <empera.ure of 100'C; any remainutg 
pressure is ttenven.ed.hronghva.vel5and.be sample removed frommo.dUby 
^assembly of mold 12 by diseng.gemen.ofb.lUH. Expanded coa.produc.10A, 
t „ereby readily removed from mold 14 and is s„bse q nen..y sawed .o.bedesired 
dimensions. 

Product 10A has a density of between about 0.4 and about 0.6 gW and 
d emon,r,esacompressives.reng.bon.beorderofbe«veenabou.2000a.d6„00 
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about 1.0 W/m/K- 


Example 2 

Tbeapp.ica.ion of the process of the present invention in an extrusion 
process is depicted in Figure 4. As shown in that figure, comminuted bituminous 
^nofapartiCesizeofahout-SOmeshisintroducedviahopper^intochamher 

quipped with auger28 that moves particuiate coa, 18 through chamber 26 and 
^expansion chamber 30. Chambers heatedby means of a series of barre, 
bea,ers32 > 34and36,oimpar.a,emperatureof.essthanabout300»C,o 

particuiate coa. 18 as it approaches and enters expansion chamber 26. As is 
co „ve»,iona. practice in extrusion, chamber 26 is divided iutoafeed section,, 
.mpressionsectionandametcringsectiou each defmed rough, bvtheiocation of 
barre,heaters32,34and36andimpar,edbv,hc,apered S hapeofa„ger28. 

mansion chamber 30 is maintained under a uon-oxidfcing atmosphere and at a 
temperature of about 450'Cbv means ofbarre. heater 38. Particuiate coa.18 
eI!pa »d S within chamber 26,of„rm expandedcoa, pr„duc,40 and,whi,e sti.i 
vis c.„ s ,expandedcoa,produc,40 is extruded through a die 42 to formsoiid shaped 
pr „duc,44 npoucooiingto room temperature. Soiid shaped prodnc.44 
demonstrates properties simiiar to those obtained from the product described in 
Example 1. 
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A, the point W here par«ic».a,e coal 22 exit, chamber 26 and enters expansion 
Camber 30, chamber 26 is preferab.y e q uipped with a breaker p.ate 46 that serves 
,„hrea k „ P an yl ar g ea gg .omera,esofpar,icn.a,ecoa.22,ha,ma y haveformedin 

transit within chamber 26. 

Ceiinlar coai-based extrudate 44 may have virtnafiy any so«d shape ranging 
fromaiargeflatpanei^XS'asmightbensedasthecoreortheabove-described 

bridg e die is nsed in theextrnsion process. Aimostanyshapema. can be achieved 
wi ,h piastic or meta. extrnsion can be simiiarty obtained nsing the process of the 
present invention. 

As the invention has been described, it mil be apparent to those skii.ed in the 
art ,ha,thesamemaybevariedinma.y W ays W i«hon,departingfromthespiri,and 

sc .pc of the invention. Anyandaiisnch modifications areintendedto be inc.nded 
within the scope of the appended claims. 
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